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METHOD FOR OPTIMISING THE DISTRIBUTION OF A SERVICE FROM A 
SOURCE TO A PLURALITY OF CLIENTS IN A NETWORK 

The present invention relates to a method for optimising the 
5 distribution of service instances for providing a service from a source to a 
plurality of clients in a network. A service instance is an entity that can provide 
a service to a client. In the case of Internet services, the service instance is for 
example a proxy server; in the case of information services, the service 
instance is for example a database; in the case of logistics, the service instance 
10 can be a transfer station. In a telecommunications network, the "clients" may 
be for example access networks or access nodes or user terminals. 

The invention is described here, by way of non-limiting example, in 
its application to a telecommunications network of the WAN (Wide Area 
Network) type, for Point-To-Multipoint (PTM) service distribution. However, it 
15 can be applied in a number of other domains, such as logistics, traffic 
management, etc. 

Depending on the topology of the network, the placing of service 
instances may be rather complex. 

In a distributed system wherein services are accessed 
20 simultaneously by multiple, geographically distributed clients, an optimal service 
distribution strategy should consider many factors, depending on the 
requirements of a variety of terminals and sub-networks. It should also consider 
the service requirements. In addition, an optimal strategy should limit the 
number of service instances (i.e. equipment or service items providing the 
25 service to the clients), while providing adequate service quality to all clients. 
However, there is currently no well-defined solution for such PTM scenarios. 
The present invention aims at overcoming this drawback. 
To this end, the present invention provides a method for determining 
locations of service instances for optimising distribution of a service in a 
30 network, from a source to a plurality of clients each having predetermined 
requirements, wherein the network can be modelled by means of a graph, the 
method being remarkable in that it comprises steps of: 



placing a service instance in each leaf in the graph; and 
starting from the leaves, for each service instance: 

checking whether the service instance when placed in a vertex on 
the next higher level can fulfil the requirements of all clients to be served by this 
5 service instance; and 

moving or not this service instance one level higher, depending on 
the result of the checking step. 

According to a particular feature, the method further comprises the 
steps of determining that at least two service instances meet in the above- 
10 mentioned vertex and combining these service instances. 

Thus, thanks to the present invention, the minimum number of 
service instances necessary to provide the service to the clients in a network as 
well as the corresponding locations of these service instances can be 
determined. 

15 According to a particular feature, the method further comprises a 

step, prior to the placing step, of determining levels in the graph. 

Thus, if the graph modelling the network does not comprise levels 
per se, this step makes it possible to build a levelled structure of the graph. 

The checking step may comprise a table-based analysis step, or a 
20 Petri net analysis step. 

With the same object as that mentioned above, the present invention 
also provides a vertex in a graph modelling a network, remarkable in that it 
implements a method as succinctly described above. 

With the same object as that mentioned above, the present invention 
25 also provides a server in a telecommunications network, remarkable in that it is 
a source implementing a method as succinctly described above. 

With the same object as that mentioned above, the present invention 
also provides a device for determining locations of service instances for 
optimising distribution of a service in a network, from a source to a plurality of 
30 clients each having predetermined requirements, wherein the network can be 
modelled by means of a graph, this device being remarkable in that it 
comprises: 



a lodging unit, for hosting a service instance; 

a checking unit, for checking whether the service instance when 
placed in a vertex on the next higher level can fulfil the requirements of all 
clients to be served by this service instance; 
5 a processing unit, for coordinating the lodging unit and the checking 

unit and for controlling the vertex; and 

an input/output unit, for sending and receiving messages and service 

instances. 

According to a particular feature, the device further comprises a 
10 combining unit, for determining that at least two service instances meet in the 
vertex and for combining these service instances. 

With the same object as that mentioned above, the present invention 
also provides a vertex in a graph modelling a network, remarkable in that it 
comprises a device as succinctly described above. 
15 The advantages of the vertices, of the server and of the device are 

similar to those of the method according to the present invention and are 
therefore not repeated here. 

Other features and advantages of the present invention will appear 
upon reading the following detailed description of preferred embodiments, given 
20 by way of non-limiting examples. 

The description refers to the accompanying drawings, in which: 

- Figure 1 illustrates schematically a network wherein two 
intersecting sets of sub-networks for providing a service respectively from a 
server to two clients are identified, wherein the sets of sub-networks contain 

25 those sub-networks that can provide the service with adequate service quality; 

- Figure 2 illustrates schematically the complexity of the service 
distribution topology in the case of a higher number of clients; 

- Figure 3 shows an example of a service distribution tree; 

- Figures 4a, 4b, 4c, 4d are flow diagrams showing successive steps 
30 of an optimisation method in accordance with the present invention, in various 

embodiments wherein the network is modelled by means of a tree-based 
topology; 



- Figure 5 is a flow diagram showing successive steps of an 
optimisation method in accordance with the present invention, in another 
embodiment wherein the network is modelled by means of a meshed topology; 

- Figure 6 is a non-limiting example of a table illustrating the analysis 
5 carried out for a vertex in the graph modelling the network, in the course of the 

optimisation method according to the invention in a particular embodiment; and 

- Figure 7 illustrates schematically a device according to the present 
invention, in a particular embodiment. 

In the following, there is considered a telecommunications network of 
10 the WAN type. 

A service is to be distributed from a source, such as a server, to a 
plurality of clients in the network. 

Before applying the optimisation method according to the invention, a 
number of preconditions to be fulfilled may optionally be defined. By way of 
15 non-limiting example, it may be required that the maximum number of service 
instances does not exceed a predetermined percentage (e.g. 25 %) of the 
actual number of clients that are being served. Moreover, it may be required 
that the delay associated with the distribution of the service to each client does 
not exceed a predetermined value (e.g. 500 ns, or any other value specified by 
20 the service). 

It is assumed that the network can be modelled by means of a graph, 
for example by using a tree-based topology (in which case the graph is a tree) 
or a partially or fully meshed topology, both well known from a person skilled in 
the art. 

25 The "destination points" in the graph are the sub-networks that are 

connected to the clients (i.e. the leaves in the tree). The destination points 
know, for example from conventional routing protocols, such as BGP (Border 
Gateway Protocol), the distance to the server that initially provides the service. 

According to the present invention, the maximum distance allowed 

30 between the service instances and the destination points is determined on the 
basis of predefined metrics. 



"Network metric" has the meaning of a function d(X,Y) defined on the 
Cartesian square of a given set, e.g. a set of network nodes, satisfying a 
number of standard properties: d is non-negative, it satisfies a triangle property, 
d(X,Z) < d(X,Y) + d(X,Z), and d(X,X) = 0 for any nodes X, Y, Z. To define a 
5 metric in a network, it is sufficient to define the length of each connection 
between two nodes in the network. Given a number of metrics di, d2, .... d k 
defining the distances between arbitrary nodes X, Y in the network, it is possible 
to reduce these metrics into a single, combined metric d(X,Y) by using existing 
procedures well known from a person skilled in the art, for example by taking 

10 the maximum of di, d 2t .... d k or their sum or even their convolution with a given 
weight, depending on the subscriber or customer requirements, the costs, etc. 

A typical example of metrics is related to the quality of service, such 
as bandwidth, delay, jitter, reliability, security, response time RTT (Round Trip 
Time) or a combination of these factors. The required metric or a 

15 corresponding required minimum and/or maximum value is determined by the 
destination points (e.g. the clients in case of service provisioning), the source 
(e.g. a service), the network provider, the service provider or any combination of 
these entities. 

Therefore, depending on the context, the term "metric" may have 
20 either the meaning of a representation of a certain network, of a connection or a 
link, or the meaning of a representation of distance in graph theory, or more 
generally in metric spaces theory. 

A destination point in the graph may represent either a single entity, 
such as a client terminal or an access network, or a collection of entities, such 
25 as all clients in an access network, all clients in a specific area, all clients with 
the same characteristics, all customers of a specific logistics service, etc. It is 
to be noted that the clients may be connected to the destination points in an 
indirect manner, e.g. via a sub-network that is not modelled in the graph. 

As shown in Figure 1, several networks or sub-networks (seven 
30 intersecting networks in Figure 1) between the server and client(s) may be used 
to host service instances. The (sub-)networks, depicted by labels Si, i = 1, 
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32 on the drawing, are not necessarily on a single path between the server and 
the client(s). 

In the case of a single client, it is possible to determine all 
surrounding (sub-)networks where a service instance would enable adequate 
5 service quality provisioning, i.e. would fulfil the client's requirements. Such an 
analysis can be based on distance vector routing protocols that use a table with 
the shortest paths to all destinations, i.e. (sub-)networks. The result of such an 
analysis step would be a table per client (or per access network) indicating all 
the (sub-)networks that can host service instances and provide adequate 

10 service quality. This table can then be sorted on path distance from the client(s) 
to the corresponding (sub-)networks, where each (sub-)network is represented 
only once in the table (per client). The path distance is determined by any of 
the metrics or metrics combinations mentioned above. 

However, in a partially or fully meshed topology, many paths 

15 generally exist between the client(s) and server and hence, the above- 
mentioned tables will contain many (sub-)networks. Therefore, in the case of a 
multiclient service distribution situation, an optimisation step is required in order 
to determine, out of the possible (sub-)networks per client, the (sub-)networks 
for service distribution with the minimum number of service instances. Figure 1 

20 shows that for both clients C1 and C2, the sets of (sub-)networks that provide 
adequate service quality have been identified. The (sub-)networks S10, S13, 
S14, S21, S28 and S29 are part of the intersection between the two networks 
and can carry out service provisioning for both clients. Although it is possible in 
this scenario to identify an optimal (sub-)network from the intersection, the 

25 problem becomes complex when several thousands of clients are involved and 
that an optimal service distribution must be determined for many intersections of 
many clients, such as in the case of a plurality of intersecting sets of 
(sub-)networks, as illustrated in Figure 2. Furthermore, adding or removing 
clients may affect a significant part of the service distribution topology. 

30 Therefore, a simplified topology representation is needed. A delivery 

tree structure can be used in order to optimise the topology and minimise the 
number of required service instances. Since the service distribution has a 
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single source and multiple clients, the delivery tree can be created, by way of 
non-limiting example, by the Reverse Path Multicast (RPM) algorithm described 
by Hersent et al. in "IP Telephony: Packet-based multimedia communications 
systems", Addison-Wesley, Harlow, 2000. 
5 As known from a person skilled in the art, the RPM algorithm builds 

source-based trees that span (sub-)networks with clients. Other delivery trees, 
such as minimum cost spanning trees or Steiner trees, can also be applied. 

The RPM distribution tree algorithm creates a tree of (sub-)networks 
with exactly one shortest path from the server to all clients / access networks. 
10 Since there is a unique path from the server to each access network, loops are 
impossible. 

Each path from the server will end in one access network. 

Thus, the access networks are leaves in the service distribution tree. 

Figure 3 shows an example of a service distribution tree. Such a 
15 tree can be based e.g. on the RPM algorithm. The service network / the server 
is the root of the tree and the access networks are its leaves. 

Distributing a service from the service network to S6 restricts the 
service instances to be placed in one of the (sub-)networks on the path S1, S2, 
S3, S4, S5, S6. Distributing a service from the service network to S21 implies 
20 that the service instances be placed in a (sub-)network on the path S1, S15, 
S16, S20, S21. 

Different service requirements can be handled via a single tree built 
on the basis of a combination of metrics for these given requirements. 

Different service distribution algorithms according to the invention 
25 exist, depending on the topology of the network (tree-based or meshed), the 
type of processing (central or distributed) and the triggering mode, i.e. the mode 
of starting the analysis leading to the optimisation. 

The processing is either done in a central unit (e.g. the source, which 
is for example the location of the server), or distributed in the different nodes 
30 (e.g. where the sub-networks are located). 

The triggering, i.e. the start of the analyses in the central unit or in 
the different nodes is either done by a central unit, level by level, or is node- 



implicit, i.e. the different nodes perform an independent processing and merely 
trigger the next node (which, as will be seen later, is a higher level node) by 
sending a service instance there. 

Thus, there are at least four possible embodiments of the 
5 optimisation method according to the invention: 

- a service distribution optimisation procedure with a tree-based 
topology, a distributed processing and a central triggering; 

- a service distribution optimisation procedure with a tree-based 
topology, a distributed processing and a node-implicit triggering; 

10 - a service distribution optimisation procedure with a tree-based 

topology, a central processing and a central triggering; and 

- a service distribution optimisation procedure with a meshed 
topology, a central processing and a central triggering. 

According to the invention, it is wished to minimise the number of 
15 service instances. During the steps described below, the placement of service 
instances is semi-permanent, since, optionally, an additional procedure can be 
applied in order to try to move the service instances closer to the clients without 
the need to replicating the service instances. During this optional procedure, 
the service instances can be placed in other nodes. Of course, this can only be 
20 done when the service instance is moved towards the clients on a non-diverging 
path. 

Depending on the chosen strategy, it may be decided to place 
service instances, not closer to the clients, but closer to the source. The 
invention applies of course to both cases. 
25 For carrying out the procedure of moving the service instances closer 

to the clients, there are two options: 

- either the last level at which two service instances have been 
merged is remembered for each service instance, and the service instance is 
moved down, i.e. closer to the clients, until that level is reached; 

30 - or a node knows how many branches it has, and the service 

instance is moved down as long as a node has only one branch leading to the 
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clients (i.e. until the service instance would have to be replicated when moving 
down any further). 

Let us first consider the case of a service distribution optimisation 
procedure with a tree-based topology, a distributed processing and a central 
5 triggering. This embodiment is shown in Figure 4a. 

First, a tree topology of the network is established, for example by 
using a conventional routing protocol (step 40a). Either a single metric or metric 
combinations are used. In case of a metric combination, it can be 
advantageous to combine different metrics into a single overall metric, e.g. by 
10 means of weighing. 

Next, service instances are placed in all leaves of the tree (step42a). 
For determining the leaves, either the source (or root) of the tree knows the 
leaves from the routing protocol information, or a service instance is broadcast 
through the tree and the leaves are those points that keep the service instance 
15 (instead of transmitting it). Service instances may be representatives of a real 
service instance (e.g. via a mobile agent, which is a software module), or the 
service instance itself may be used. Leaves may have different distances to the 
root, i.e. leaves may be located at different levels in the tree. 

As an option (not shown), it is then checked whether there is a 
20 service instance in a node before applying the trigger to that node. Otherwise, 
the trigger is sent to all nodes on the corresponding level (step 44a), e.g. the 
trigger is broadcast and each node checks whether it is on the requested level 
in the tree (e.g. each node increments a level counter and broadcasts the 
message to all its child nodes). The root may also know the nodes for a given 
25 level from the routing protocol information. 

If there is more than one service instance in the same node (test 
46a), they are merged. This means that the service instances are treated as a 
single service instance. 

Thus, the new single service instance has to take into account all 
30 requirements of all the clients that are now served by the new single service 
instance. This can be implemented for example by selecting the lowest or 
respectively highest value for each metric that is requested by any of the clients. 
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This merging procedure may be carried out at the end of the global loop, which 
is performed upon triggering of a given level. As a simpler variant, all 
requirements from all clients are combined but not merged. 

Next, the necessary information is fetched from the next higher level 
5 node, if any (step 50a). 

If, on the basis of this fetched information, i.e. considering 
simultaneously the characteristics of the next higher level node and the client, 
service, etc., requirements, it is possible to move the service instance to the 
next higher level node (test 52a), then the service instance is moved to the next 
10 higher level node (step 54a). Otherwise, this means that the service instance 
cannot be moved higher and the service instance is given a semi-permanent 
status (step 56a). This information is transmitted to the root. 

The global loop ends when all service instances have received a 
semi-permanent status (test 58a). 
15 Afterwards, optionally, as explained above, the procedure for moving 

the service instances closer to the clients (not shown) is carried out. 

If clients are removed or new clients are added, the procedure is 
reiterated for all nodes, unless nodes remember for which branches they are 
responsible, which clients they serve and corresponding restrictions. 
20 Let us now describe a recursive variant of this procedure. We 

assume that the leaves are aware of the requirements and restrictions put on 
the service instance by clients that should be provided with the service. This 
embodiment is illustrated by Figure 4b. 

The recursive procedure uses two messages, namely a request 
25 message and a response message. 

A node sends a request message to the adjacent nodes within the 
next lower level in the tree (i.e. to its children nodes). If a leaf, that is a node 
directly connected to at least one client, is reached, a service instance is 
created. 

30 In a further embodiment of the invention, service instances are 

placed at the leaves before the sending of a request message. 
In both embodiments, a leaf performs the steps of: 
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1 . receive a request message 

2. check whether the service instance can be placed at the parent 
node; 

- if so, a positive reply, comprising the requirements of the at 
5 least one client, is sent; 

- if not, a negative reply is sent and the service instance is 
given a semi-permanent status. 

It is to be noted that a request message can carry information about 
the characteristics of the parent node and the link needed for checking whether 
10 or not a service instance can be moved into the node from the level below. 

The response message carries service instances and the related 
information, e.g. requirements on the service quality and other restrictions. A 
negative response may also be sent, meaning that no service instance will be 
moved up from the child node. 
15 As mentioned above, the tree topology is established and assumed 

to be known. For instance, based on routing protocol information, when a given 
node receives a request message, it automatically deduces therefrom that the 
node that originated the request message is its parent, and that the receiving 
node is a parent node for remaining adjacent nodes which are then considered 
20 to be its children nodes. 

According to the recursive procedure, the following steps are 

performed. 

1 In order to start the execution of the procedure, the server sends 
request messages to its children nodes (step 40b). 
25 2. Each node waits for a request message from its parent node. 

3. When a request message is received from the parent node, the 
node sends a request message to all its children (step 42b). 

4. After the request messages are sent, the node waits for response 
messages from all its children. 

30 5. If all the response messages are negative (test 44b), the node 

sends a negative response to its parent upwards, and does not place any 
service instance in it (step 46b). 
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6. Otherwise, if at least one positive response is received, the node 
merges the service instances received from its children and builds the 
cumulative requirements and restrictions for the new service instance obtained 
by merging (step 48b). As a simpler variant, all requirements from all clients are 

5 combined but not merged. 

7. Afterwards, the node checks whether the new service instance can 
be moved upwards (test 50b). If so, the node sends a positive response with 
the service instance characteristics (step 52b). Otherwise, a negative response 
is sent and a semi-permanent status is assigned to the service instance in the 

10 node (step 54b). 

8. The execution of this procedure stops when the server receives 
response messages from all its children nodes (test 56b). In case of at least 
one positive response message, a service instance with a semi-permanent 
status is placed in the server. 

15 9. Optionally, the service instances having a semi-permanent status 

can be moved closer to the clients, as mentioned above. 

With slight modifications, this recursive procedure will work in a 
dynamic approach, when new clients are added or clients are deleted. For this 
purpose, each node shall keep its last response message and the last response 

20 messages it received from its children. Then, upon arrival of a response 
message, the node is able to re-evaluate the characteristics of the service 
instance and send a new response message to its parent node if needed. 
Therefore, in a dynamic framework, nodes should not wait until all the response 
messages are received from their children. Each node should answer the 

25 message received from its parent after a predetermined timer expires. The 
timer will have to be adjusted properly in order to avoid too frequent re- 
evaluation of the service instance in the node and too many new responses. It 
is to be noted that a timer may also be used in the procedure described above, 
carried out in a non-dynamic framework. The timer value can be determined 

30 from the path distances, which information is available for example from the 
routing protocols. 
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Let us now consider the case of a service distribution optimisation 
procedure with a tree-based topology, a distributed processing and a node- 
implicit triggering. This embodiment is illustrated by Figure 4c. 

Like in the previous cases, a tree topology of the network is first 
5 established and service instances are placed in all leaves of the tree (steps 40c, 
42c). 

A loop is then performed for each service instance. If there are other 
service instances in the node, they are merged (test 44c, step 46c). As well as 
in the previous embodiments, as a simpler variant, all requirements from all 

10 clients are combined but not merged. The necessary information is then 
fetched from the next higher level node, if any (step 48c). If it is possible to 
move the service instance to the next higher level node (test 50c), the service 
instance is moved to the next higher level node (step 52c) and optionally, a 
footprint, e.g. a pointer, is left in the lower level node, indicating that the service 

15 instance passed the corresponding node previously. If it is not possible to move 
the service instance to the next higher level node, the service instance is given 
a semi-permanent status (step 54c). 

Optionally, if there is a footprint in the node, a corresponding 
message is sent towards the root. A higher level node that receives this 

20 message (on its way to the root) checks whether it meets the requirements of 
clients that can be served by the sender of the message. If yes, it removes said 
requirements and calculates new cumulative requirements for the remaining 
clients. 

The loop stops when all service instances have been assigned a 
25 semi-permanent status (test 56c). 

Afterwards, optionally, the service instances having a semi- 
permanent status can be moved closer to the clients, as mentioned above. 

In this scenario, a node may know its level in the tree from the 
routing protocol information. This amounts to follow a level by level approach, 
30 as in the previous case (tree-based topology, distributed processing, central 
triggering) but without a central control and triggering unit. 
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As mentioned above, instead of the corresponding service instance 
requirements, each node can store a footprint corresponding to the service 
instance when that service instance has passed this node previously. When 
another service instance arrives in that node, it can retrieve all necessary 
5 information from the footprinted service instance. A footprint may also be used 
to optimise the procedure: a node only sends a message upwards (i.e. towards 
the root) when a new semi-permanent service instance is to be placed in the 
node and that node has a footprint When a higher level node removes the 
service instance (because a lower level node has placed the service instance), 

10 all footprints between the higher level node and the node where the service 
instance is now placed have to be removed. Additionally, the higher level node 
informs the lower level node that hosts the service instance for the clients 
served previously by the node, about the clients served and their requirements. 
Thus, each service instance is aware of the clients and their requirements on 

1 5 service instance capabilities. 

This procedure can also handle removals and additions of clients 
dynamically. For the new clients, a service instance is placed in the 
corresponding leaf node. The service instance is then moved towards the root 
according to the procedure described previously. For removed clients, a 

20 message is sent upwards, faking that a service instance for that client has been 
placed at a lower level. The higher level node with the service instance that 
was serving this client then removes the corresponding requirements for the 
removed client. 

Let us now consider the case of a service distribution optimisation 
25 procedure with a tree-based topology, a central processing and a central 
triggering. 

This procedure is not shown in the drawings since it is essentially the 
same as the procedure that is carried out in the case of a tree-based topology, 
a distributed processing and a central triggering (illustrated by Figure 4a). The 
30 only difference is that no triggers are needed. Further optimisations are 
possible, due to the fact that all the required information is centrally available. 
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It is to be noted that a combination of central processing and 
distributed information retrieval (wherein the root or server retrieves information 
by means of queries from the different nodes) would be handled by the same 
procedure. 

5 The flow diagram of Figure 4d summarises the succession of steps 

carried out according to the optimisation method which is the subject-matter of 
the invention, in a first preferred embodiment where the network is modelled by 
means of a tree-based topology. 

Before the optional procedure (not shown), consisting of trying to 
10 move the service instances closer to the clients, is carried out, the optimisation 
method according to the invention is performed as shown in Figure 4d. 

During a first step 40, a service instance is placed in each leaf of the 

tree. 

Next, starting from the leaves in the tree (level N) and moving 
15 towards the root (level 0), as shown by the initialisation step 41 and the 
decrementation step 46, level by level in the tree, the following procedure is 
carried out: 

For each vertex of the examined level where a service instance is 
placed, it is checked (test 42) whether the service instance can be moved 
20 further up towards the root of the tree, provided the root is not reached yet (a 
test 47 follows the decrementation step 46 and consists in checking whether the 
index representing the level is equal to 0). 

In order to know whether the service instance is allowed to be moved 
higher up in the tree, the vertex can contact the next vertex higher up in the 
25 tree, e.g. the corresponding resource manager in case of a sub-network, in 
order to request the resource status. The request can be either a general 
request, or a dedicated request for the corresponding relevant metrics. 

As a variant, the vertex may use resource information received from 
higher levels in the tree without sending any request. 
30 Thus, it is checked whether the service instance placed in the vertex 

fulfils the requirements of all clients. 
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If the result of test 42 is positive, the service instance is moved to 
level i-1 (step 43). Otherwise, the location of the service instance is left 
unchanged. 

The two following steps 44 and 45 consist in considering the 
5 possibility of combining several service instances with each other, and 
considering their possible cumulative or combined requirements, respectively. 
Step 45 is optional. 

For example, during step 44, whenever two or more service 
instances meet in the same vertex, they are advantageously combined into one 

10 single service instance and the corresponding metric value describing a 
requirement is either the minimum or the maximum value of the metric of the 
cumulative requirement, depending on the type of metric. For example, if the 
metric represents a delay, the single metric associated with the cumulative 
requirement is the minimum of both former metrics, whereas if the metric 

15 represents the bandwidth, the metric value associated with the cumulative 
requirement is the maximum of both former metrics. As a result of the 
combination of service instances, a single combined service instance then 
provides the service to multiple clients simultaneously. As a simpler variant, all 
requirements from all clients are combined, but not merged. 

20 During step 45, in case different metrics or combinations of metrics 

are used for the individual branches of the tree, they are advantageously 
combined into a bigger set of metrics. For example, in case one of the 
branches of the graph uses only a metric based on delay, whereas another 
branch uses only a metric based on the bandwidth, the combining vertex may 

25 use both the delay and the bandwidth for both branches or it may use each 
metric individually for each of the branches. For example, for a video streaming 
service, the combination of metrics may include a predetermined maximum 
delay, a predetermined minimum bandwidth and a predetermined minimum jitter 
(i.e. maximum delay variation) to ensure an acceptable quality of service. 

30 In another preferred embodiment, the network may be modelled, not 

by a tree-based topology, but by a meshed topology. 
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Let us consider the case of a service distribution optimisation 
procedure with a meshed topology, a central processing and a central 
triggering. The procedure is as follows. 

1. A network metric is built based on given requirements and 
5 constraints on delay, etc. 

2. A levelled structure of the network is built, so that the first level 
consists of the server, whereas other levels consist of the nodes being at the 
same distance from the server. Clients can be in any level, except the first one. 
The levels are ordered according to their distance from the server (the larger 

10 the distance, the higher the level number). 

3. A set C of all clients that need to be provided with the service is 

built. 

4. Each network node is marked as being able to serve a client in 
case the existing constraints allow the client to be served by a service instance 

15 placed within that node of the network. Thus, one and the same node can be 
marked with several potential clients. 

5. The level with the highest number, that is to say the level most 
distant from the server, is selected. 

6. A set S of so-called "forbidden" clients is built, which are clients 
20 that may be served by the given level but which cannot be served by any 

service instances if placed closer to the server. 

7. If the set S is empty, the following step is step 1 1 below. 

8. The node N of the given level which may serve at least one 
forbidden client and at the same time serve the maximal number of clients is 

25 searched and a service instance with a semi-permanent status is placed in that 
node. 

9. All clients that may be served by the node N are removed from the 
sets S and C (the removed clients are disregarded at further steps). 

10. If the set S is not empty, the following step is step 8. 

30 11. The procedure stops when the set C of clients is empty or all 

levels have been considered. 
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12. The level which is next to the level that has just been considered 
and closer to the server node is selected, and the following step is step 6. 

Step 8, which is a so-called "greedy" step, since it does not 
necessarily deliver an optimal result, can be modified as appropriate, depending 
5 on the network and existing requirements. For example, it may consist in 
searching the node N of the given level which may serve the maximal number 
of forbidden clients and in placing a service instance there. 

The complexity of the proposed procedure may vary, depending on 
effectiveness of implementation, and especially on data structures used for 
10 network representation. In order to increase efficiency, modifications of the 
procedure can be considered; for example, steps 2, 3, 4 can be performed 
dynamically to the required extent at step 6. 

Afterwards, optionally, the service instances having a semi- 
permanent status can be moved closer to the clients, as mentioned above. 
15 The flow diagram of Figure 5 summarises the succession of steps 

carried out according to the optimisation method which is the subject-matter of 
the invention, in such a preferred embodiment. 

As shown in Figure 5, a preliminary step 50 consists of building a 
combined network metric based on given requirements and constraints on 
20 quality of service and other characteristics, that a service instance shall fulfil. 

A levelled structure of the network is built using the combined metric, 
pursuant to step 2 described previously. This may be done by using a 
conventional routing protocol, which is aware of shortest paths towards network 
nodes and their length. 
25 The next steps 52, 53, 54, 55, 56, 57, 58 are similar to steps 40, 41, 

42, 43, 44, 46, 47, respectively, of the embodiment of Figure 4d and their 
description is not repeated here. 

In such a meshed topology, as well as in the case of a tree-based 
topology, the destination points in the graph are the sources where the service 
30 instances start their way towards the service provider. The different destination 
points in the graph may be at different distances from the service provider, i.e. 
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the numbers of sub-networks between each of the destination points and the 
service provider may be different. 

Since the address of the service provider is known, the standard 
routing tables of the routing protocol implemented in the network can be used to 
5 determine the next hop to reach the service provider. 

Either the characteristics of all networks are available, e.g. in a table, 
or the characteristics of the next sub-network must be fetched when it is known 
which sub-network is the next one on the way towards the service provider. 
The selection of the next sub-network is based on the routing metric, which 

10 uses for instance delay as the routing criterion. Since multiple metrics may 
have to be considered simultaneously, either for one client, or in the case of a 
cumulative metric for multiple clients, the routing protocols have to be extended 
to route data on the basis of multiple metrics simultaneously, unless the multiple 
metrics are combined into a single metric, as previously described. 

15 For ensuring that different service instances be combined, service 

instances can leave an indication, which is called a "footprint", in each of the 
sub-networks that they passed on their way towards the service provider, so 
that these indications can be used by service instances that arrive in the same 
sub-network during a later analysis step. It makes it possible to trace the 

20 corresponding service instance and to combine several service instances. 

The indication left in each sub-network in which the service instance 
moved may be a pointer to that sub-network. In this case, when moving to a 
new sub-network, the service instance may possibly update all pointers. 
However, pointers are either direct (i.e. they point to the sub-network with the 

25 service instance) or indirect (i.e. they point to a sub-network which is the next 
one on the way to the sub-network with the service instance). Only in the first 
case, all pointers have to be updated. Therefore, no path traversal and 
checking is required in each node, since the final address is known. 

As a variant, in a sub-network in which the service instance moves, it 

30 may leave, in addition to the pointer, all required information, such as the 
cumulative values of the metrics from the leaf to that sub-network, as well as, 
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optionally, the time at which the service instance passes through the sub- 
network. 

A variant for combining service instances can be based on distance 
vector routing protocols that contain a table with the shortest paths to all 
5 destinations. Multiple tables are required in order to reflect different metrics or 
combinations thereof, unless the multiple metrics are combined into a single 
metric, as previously described. Exterior gateway routing protocols, such as the 
Border Gateway Protocol (BGP), contain such tables and are used for ensuring 
connectivity between sub-networks or autonomous systems. Thus, each sub- 

10 network knows its distance to the root, i.e. the service provider. 

The sub-networks then exchange information in order to determine 
which sub-network should move its service instance higher up in the tree. 
Similar mechanisms, such as the selection of a master, e.g. as applied in many 
of the routing protocols or server selection procedures in LANs, can be applied 

15 to determine the sub-network that can start moving its service instance to the 
next higher sub-network. Taking into account the metric-based distances, the 
resulting master can be the one that is furthest away from the service origin 
entity. 

The analysis implementation can be based either on a table as 
20 depicted in Figure 6, or on Petri nets, where the prerequisites are the 
conditions and the service instances are the tokens in the network. 

The table of Figure 6 may be stored in the vertex that is carrying out 
the analysis. It shows the ranges for the different clients C1 to C7. From the 
level in the tree (mentioned in the right-most column of the table) and the 
25 corresponding range for a specific client, the sub-network Si (i = 1, 23) that 
is the closest to the root and can provide adequate service quality to that 
specific client is known. In the shown example, the highest level in the tree is 1 
(the root of the tree is sub-network S1) and the lowest level (the leaves of the 
tree) is 6. For example, the sub-network S2 fulfils the requirements of clients 
30 C1 and C2. It is to be noted that the prerequisites, i.e. the conditions, may 
reflect cumulative requirements. 
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The analysis starts by checking all level 6 sub-networks, to determine 
whether the service instances placed at this level are allowed to be moved 
higher up in the tree. If yes, the service instances concerned are moved one 
level higher and a marking is inserted in the table, for indicating that a service 
5 instance has reached that higher level sub-network. 

In addition, the corresponding metrics are considered and possibly 
combined with the metrics from other service instances, coming from other 
branches. 

After all level 6 sub-networks have been checked, all level 5 sub- 
10 networks are checked in an identical fashion, and so on. 

Several parameters and additional indicators can optionally be 
included in the table above in order to refine or to speed up the analysis. For 
example, as shown in the last row of the table, an indication may be given as to 
the number of intersecting sub-networks per client. Intermediate analysis 
15 results may be stored in the table to speed up the process. 

As a variant, instead of a table-based analysis, a Petri net analysis 
can be used. 

Petri nets are a graphical formalism for systems specification. They 
are formed from a finite set of places, a finite set of transitions and a finite set of 
20 arrows connecting either places to transitions or transitions to places. 
Graphically, places are usually represented by circles and transitions by bars. 

A Petri net is given a state by marking its places. A marking of a 
Petri net consists of assigning a non-negative integer to each place. This is 
usually represented graphically by inserting a number of tokens in every place 
25 of the net. 

A transition may have one or more input and output places. If an 
arrow goes from a place to a transition, the place is said to be one of the 
transition's output places. A transition is said to be enabled if there is at least 
one token in each of the input places. An enabled transition may fire. This 
30 means that one token is removed from each input place and one token is 
inserted in each output place of the transition. If more than one transition is 
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enabled, the model is non-deterministic, in the sense that given an initial 
marking, different evolutions of the Petri net are possible. 

In a Petri net, a transition usually models an event or action, and its 
firing represents the occurrence of the event or execution of the action. Thus, a 
5 transition is enabled if the conditions are satisfied that allow the occurrence of 
the modelled event or action. The presence of a token in a place may denote 
the existence of some condition. For instance, a place may model a resource, 
and the existence of one or more tokens in that place means the availability of 
one or more instances of that resource. For a more detailed description of the 
10 basic principles of Petri nets, reference can usefully be made to "Fundamentals 
of Software Engineering", by Ghezzi et al., Prentice Hall International, New 
Jersey, 1991. 

According to the invention, the distribution tree is modelled by a Petri 
net with the same shape. The sub-networks are the places, the service 

15 instances are the tokens that carry the corresponding metrics values along and 
the transitions have associated conditions that are related to the maximum 
distance that the service instance is allowed to be away from the clients, i.e. 
from the leaves. This distance can be based on any of the corresponding 
metrics or combination of metrics that is important for the clients. Each sub- 

20 network is reflected by a place in the Petri net. A service placement in a 
specific sub-network (i.e. a vertex in the distribution tree or in the meshed 
topology) is modelled by a token in a place in the Petri net. 

Tokens are first placed in the leaf places. Moving the service 
instance towards the root is done by moving the tokens up through the Petri net. 

25 In order to move a token from one place to the next, a transition must be 
enabled and must fire. The firing of a transition is done by the same algorithm 
as above. To this end, the token will have values that are used and updated by 
the analyses. 

The merging of service instances is done by having transitions with 
30 less output tokens than input tokens. 
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The final distribution of the service instances is reached when the 
Petri net stops to evolve, i.e. when the tokens do not move and merge any 
more. 

Petri nets can be applied to both the tree-based and meshed 

5 topologies. 

Scheduling policies can also be used. When the pure non- 
determinism of the Petri net model is not adequate, we face the problem of 
specifying a policy for selecting a transition to fire among all the enabled 
transitions. A fairly simple way to solve this problem is to attach priorities to 
10 transitions. Then the firing rule is modified as follows: if, in some state, several 
transitions are enabled, only the ones with maximum priority are actually 
allowed to fire. 

Priorities are usually defined statically. If tokens carry a value, 
however, dynamic priorities may be defined, whose values depend on the 

1 5 values of the tokens of the input places of the transitions. 

Timed Petri nets can be used as well. Timed Petri nets are Petri nets 
in which a pair (t min , Uax) is associated with each transition. Again, such values 
could be constant or computed as functions of the values of tokens at the input 
places. Once a transition is enabled, it must wait for at least a time t min to 

20 elapse before it can fire. Also, if enabled, it must fire before a time t max has 
elapsed, unless it is disabled by the firing of another transition before t ma x. A 
timed Petri net is equivalent to an original Petri net if, for every transition, t m i n = 
0 and t max = indefinite. 

As shown in Figure 7, a device for determining locations of service 

25 instances for optimising distribution of a service in a network, from a source to a 
plurality of clients each having predetermined requirements, wherein the 
network can be modelled by means of a graph, according to the invention, 
comprises: 

a lodging means 70, for hosting a service instance, 
30 a checking unit 72, for checking whether the service instance when 

placed in a vertex on the next higher level can fulfil the requirements of all 
clients to be served by this service instance, as described previously, 
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a processing unit 74, for coordinating the lodging unit 70 and the 
checking unit 72 and for controlling the vertex, and 

an input/output unit 76, for sending and receiving messages and 
service instances. 

In the particular embodiment illustrated in Figure 7, the device further 
comprises a combining unit 78, for determining that at least two service 
instances meet in the vertex and for combining these service instances, as 
described previously. 



